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The Carbohydrate Components of Gastric Mucopolysaccharides
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At least 200 ml of gastric secretion are needed in order to obtain the concentration of the individual sugars necessary for chromatography.
The gastric secretion of 20 volunteers, 40 patients with duodenal ulcers, 18 patients with gastric ulcers and 12 patients with carcinoma of the stomach were investigated. Our results do not support the well-established assumption that the human gastric mucopolysaccharides contain uronic acid. The chromatograms of the 90 gastric secretions investigated showed no uronic ;i'~:/:_ ,,~o,... ,\ 4&: -.... 1 1. The human gastric mucopolysaccharides have been studied in our Laboratory for the last six years. This report will deal with the following two aspects of our investigations :-1. The chromatographic results of hydrolysates of gastric secretion. 2. Quantitative estimations of the carbohydrate components of the gastric mucopolysaccharides.
The chromatographic results of hydrolysates of gastric secretion
The procedure for obtaining gastric secretion was as follows :-Two fasting aspirations at 10 min. intervals were obtained followed by intramuscular injection of histamine acid phosphate (0'5 mg) and three aspirations each at 20 min. intervals. Intravenous insulin was then given and a further three specimens were aspirated each at 20 min. intervals. It was aimed to obtain a blood sugarlevel between 20-30 mg(loo ml. The insulin dose was regulated according to the fasting blood sugar (usually between 8-12 units were used). In each specimen, the pepsin content, free acid, protein bound hexose, hexosamine, sialic acid, fucose and sulphate were estimated. Adequate quantities for these investigations were removed from each aspirated specimen; the remaining secretions were pooled and treated with diastase (total hexose: diastase= 1 : 20 by acid ( Figs. 1-4 ), but when uronic acid was added to gastric secretion and hydrolysed it did appear on the chromatograms (Fig. 2) . A solution of 1% chondroitin sulphate, treated as already described and chromatographed also showed uronic acid. These experiments indicate that our method of hydrolysis frees uronic acid and does not destroy it. All our chromatograms (Figs. 1-4) invariably showed zones corresponding to glucose and mannose in addition to galactose and fucose. The presence of glucose was then confirmed by treating the preparation with glucose oxidase etc., followed by chromatography.
Glucose and mannose as components of human gastric mucopolysaccharides are not mentioned in the literature, so far as we know. Werner (1953) states that he could find no glucose in human gastric mucopolysaccharides after incubation with saliva and dialysis. Our investigation shows that both glucose and mannose are present in all the chromatographed gastric secretions ( Figs. 1-4 ). The identification of glucose is based on (1) the identity of the R F value given with glucose standards, (2) it disappears in chromatograms of gastric secretion hydrolysate incubated with glucose oxidase and (3) addition of glucose to the hydrolysate results in the intensification of the spots but not in the appearance of further ones.
Glucose appears on the chromatograms of the gastric secretion of all the controls and patients suffering from duodenal and gastric ulcers, only after three re-developments, each lasting 16 h. It is not found on circular horizontal chromatograms after a lO-h. development.
The carbohydrate components of the gastric mucopolysaccharides of patients with carcinoma of the stomach show quantitative ratio differences from those of all other gastric secretions investigated. In the latter galactose and fucose are the predominant sugars.
The secretion of the malignant stomach revealed a marked decrease in galactose and a great increase in glucose, the galactose being often reduced to a mere trace ( Fig. 4) . Horizontal circular chromatograms of gastric secretion of patients with gastric carcinoma always show glucose.
The quantitative relationship of the carbohydrate components of the gastric mucopolysaccharides is being further investigated.
Quantitative estimations of the carbohydrate components of the gastric mucopolysaccharides:
The fractional gastric aspirations were carried out as described. Eight specimens were collected. In this report, the quantitative data relating to acid, pepsin, hexosamine and sulphate will be reported on.
Hexosamine ; Hexosamine determinations were carried out according to the procedure of Boas (1953) . The samples were hydrolysed in 2 N hydrochloric acid for 2 h. at lOOoe. Preliminary investigations showed that hydrolysis of gastric (1949) method was used. All other colorimetric procedures attempted failed because of the considerable humin produced during hydrolysis. Pepsin ; For the first two years, West's (1952) technique was used. We then changed to Christiansen's (1957) method. For the last two years, a modification of Hunt's (1948) method was adopted. Acidity ; The pH was measured with a Cambridge pH meter. Free acid was titrated with 0·1 sodium hydroxide using Topfers reagent as indicator.
Controls ; The secretory patterns of the sulphated mucopolysaccharides of the 30 controls ( Fig. 5) showed two characteristic features :
(1) The basal secretion (F I, F2) contained appreciable quantities of hexosamine and sulphate. The ratio of sulphate to hexosamine was generally between 1 : 1·25 to 1 : 3. Occasionally specimens showed a ratio of 1 : 1.
(2) The secretory patterns revealed an inhibitory effect of acid and pepsin on hexosamine and sulphate. The depression of sulphate was greater than that of hexosamine. With an increase of acid after histamine and insulin there was a simultaneous fall in the concentration of hexosamine and sulphate, the decrease in sulphate concentration was much greater than that of hexosamine.
During this investigation it was found that the gastric secretion contains a sulphatase enzyme with an optimum activity of pH 5·6. This enzyme apparently regulates the sulphation of the mucopolysaccharides. Its activity is depressed with a rising H+ concentration.
These data suggest that the sulphated mucopolysaccharides form the major part of the gastric mucopolysaccharides, between 30-80 % of the hexosamine appears to be sulphated. The variation in sulphation is determined by the H+ concentration of the gastric secretion.
The present opinion appears to be that the main component of the gastric mucopolysaccharides is a neutral mucopolysaccharide containing hexosamine and neutral monosaccharides and only a small part (10-20 %) is an acid mucopolysaccharide consisting of mucoitin sulphate, composed of equimolar proportions of N-acetyl-D-glucosamine, glucuronic acid and ester sulphate (Kent, 1955 1958 ; Werner, 1953) . This prevailing assumption is based on an investigation of Meyer et al. (1937) , carried out 26 years ago on hog commercial mucin but the presence of glucuronic acid in human gastric secretion could not be confirmed in the laboratory (Schrager, 1963) . It is reasonable to assume that the greater part of the extracts were of mesodermal origin and did not consist of secretory products. It is obvious that this procedure is likely to introduce a major source of error and confusion.
Duodenal Ulcers ;
The secretory pattern of patient with duodenal ulcers fall into two groups:
(1) The secretory pattern showed a continuous low mucopolysaccharide concentration and a high acid and pepsin in all the aspirated specimens (Fig. 6 ). The reduction of sulphate below control-levels was much greater than that of hexosamine. The ratio of sulphate to hexosamine was I : 6 to I : 10.
insulin and a simultaneous fall in sulphate and hexosamine (Fig. 7) . Histological examination of the gastric mucosa showed varying degrees of gastritis. As only 12 surgical specimens of patients belonging to this group were available this small number does not warrant any conclusions. Further data are being collected.
Gastric Carcinoma ; (Fig. 8) . The secretory pattern of the mucopolysaccharides was disturbed and the relationship between hexosamine and sulphate became disorganized.
FRACTIONAL GASTRIC ANALYSIS
(2) A normal or low concentration of acid and pepsin was accompanied by a normal or high concentration of mucopolysaccharides in the fasting specimen. This was followed by a brisk response of acid and pepsin to histamine and Many University and Medical School departments have advanced laboratories in which special cases or special aspects of respiratory physiology are investigated, but only in the past few years have similar investigations been undertaken in other hospitals. These become routine tests, in the same way as biochemistry laboratories do tests on blood, C.S.F., and urine.
Although some of the advanced methods mentioned in other papers at this meeting are done in this Department, the tests outlined below are the bread and butter of the work here.
The apparatus used consists of a common type of spirometer fitted with an air pump, a helium meter with a recorder, a carbon monoxide meter and several cylinders of various gases. To this, must be added the Aimer carbon-dioxide apparatus, which is really half a Haldane gas analysis apparatus. Mention will be made of this below.
No matter what other tests are done, the lung volumes and ventilation are always measured as completely as possible. It is felt that merely to measure an expiratory vital capacity, and, perhaps the maximum voluntary ventilation, can give an entirely erroneous impression of the state of a patient's lungs. Therefore the spirometric tracing of a deep inspiratory breath following a period of quiet breathing is recorded. The vital capacity, inspiratory reserve volume and tidal volume are measured directly from this tracing. The functional residual capacity is measured by a procedure given below. The total lung capacity, expiratory reserve volume and residual volume are then worked out from these. Single breath tests, such as the vital capacity measurement, must be done several times, to make sure that the maximum values are being recorded from the patient.
The inspiratory vital capacity, in other words, the greatest amount of air that can enter the chest after deepest expiration, if often larger than the expiratory vital capacity, especially when airway obstruction is present. The obstruction increases the effort required during breathing out so that a patient is found to reach a lower level of expiration before starting the inspiratory deep breath, than he would at the end of an expiratory one.
The expiratory vital capacity relates more closely to the ventilation of the lungs than to the volumes. Comparison of recordings of expiratory vital capacities in normals and abnormals shows interesting differences. It is noticed that in a normal subject the amount of air expired in one second, the F.E.V. lo is over 70% of the vital capacity, but well below that in a patient with airway obstruction. The F.E.V. 4o , or forced expiratory volume in three quarters of a second times 40, is approximately equal to the Maximum Voluntary Ventilation. This is thus a guide to the M.V.V. in patients too ill to attempt the other test and a guide to whether a patient doing the heavy breath test is really trying hard.
In conditions where lung compliance changes are expected, it is noticed that the M.V.V. is below the F.E.V. 4o , presumably because the loss of elasticity in the lung tissue limits the ability to change direction of effort and thence of airflow.
If airway obstruction is found, it is usual to repeat these tests after the inhalation by the patient of a bronchodilator solution, usually 0·2 % isoprenaline, in the form of an aerosol spray. The improvement in the results after the inhalation is a measure of how much of the
